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ABSTRACT 

The similarity among turbulent spots observed in various transition experiments, and 
the rate in which they contaminate the surrounding laminar boundary layer is only 
cursory. The shape of the spot depends on the Reynolds number of the surrounding 
boundary layer and on the pressure gradient to which it and the surrounding laminar 
flow are exposed. The propagation speeds of the spot boundaries depend, in addition, 
on the location from which the spot originated and do not simply scale with the local 
free stream velocity. The understanding of the manner in which the turbulent spot 
destabilizes the surrounding, vortical fluid is a key to the understanding of the transi- 
tion process. We therefore turned to detailed observations near the spot boundaries in 
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general and near the spanwise tip of the spot in particular. 


Two. oblique wave packets of the Totlmien - Schlichting type, were observed beyond 
the tip of the spot. They passively trailed the spot when the surrounding boundary 
layer was marginally stable, but beyond the critical Re they amplified and broke down 
generating either Dew autonomous spots or coalescing with the "parent” spot and 
changing its shape and its rate of growth. When the boundary layer stability was 
enhanced by favorable pressure gradient the wave packets disappeared. Their absence 
ls associated with the smaller rate of spread of the spot in a favorable pressure gradi- 
ent. 

Measurements of all three components of velocity in a turbulent spot are rare, partic- 
ularly near the tip of the spot. A special hot-wire rake consisting of 8 *V* arrays was 
built in order to measure the spanwise and streamwise components of velocity simul- 
taneously over a sizable fraction of the span of the spot. The data reveals the existence 
of a strong spanwise component of velocity which increases monotonicaJly with incre- 
asing distance from the plane of symmetry and attains its maximum value near the 
tip. This perturbation velocity resembles a wave which follows the leading interface 
of the spot 3nd looks like a siQgJe vortex near the tip. It also changes direction near 
the tip from having the dominant vorticity component parallel to the leading interface 
to a dominant, yet diffused vertical vorticity. A typical dimension of this vortex is 
comparable to 20% of the span of the spot at the location measured. This observation 
does not support the notion which is based on observations in a nascent spot that a 
spot may consist of an orderly formation of *A* vortices whose number is proportional 
to the size of the spot. No such vortices were observed near the tip of a fully aged (or 
developed) spot when they were analyzed by similar techniques. 
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Figure 6. Aluminum visualization of sublayer streaks for turbulent 
spots in water, (a) Low Reynolds number; U =12 cm/sec. 

(b) Higher Reynolds number; U =23 cm/sec. Note region of 
transverse contamination from channel bottom. 
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1. The spot represents the final recognizable stage 
in the transition process. 

2. It provides a linkage to linear stability. 

3. It generates large coherent structures in a fully 
turbulent boundary layer. 

4. It has a higher internal degree of order than the 
turbulent boundary layer. 
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